Abstract -Potentially commercial deposits of kaolin are found in the fluvial Lower Cretaceous Chaswood Formation, the sedimentologically proximal equivalent of deltaic sediments of the offshore Scotian basin. The geological setting of the kaolin deposits has been interpreted from high-resolution seismic-reflection profiles and boreholes, and mineralogical studies on one reference borehole. The kaolin is a product of early diagenesis involving meteoric water below the water table. The distribution of kaolin is controlled by the presence of intraformational unconformities that were sites of ground water recharge, and are marked by the development of oxisols above the water table. Such diagenesis was facilitated by interbedded, loosely consolidated, permeable sandstone. The highest-grade kaolin deposits are found in areas close to river belts, where overbank muds were not sufficiently drained to develop paleosols, but where later uplift created intraformational unconformities. In the sandstone, meteoric water flow altered feldspars to kaolin, thus yielding commercial silica sand deposits. It also altered ilmenite to rutile, which is concentrated as secondary placers in modern rivers that have eroded the Chaswood Formation and tills derived therefrom. © 2006 Canadian Institute of Mining, Metallurgy and Petroleum. All rights reserved.
Introduction

Kaolin Deposits of Nova Scotia
Hidden beneath a blanket of glacial till, the Cretaceous Chaswood Formation of the lowlands of Nova Scotia and New Brunswick in eastern Canada (Fig. 1 ) has long been exploited on a small scale for its refractory clay, aggregate, and silica sand (Ries and Keele, 1911; Fowler, 1972; Dickie, 1986) . The clay is known to have poorly crystallized kaolinite as the major clay mineral (Dean, 1975; Finck and Stea, 1996) , although significant amounts of illite are also present, and mottled red clays have a high proportion of Fe-Ti oxides (PePiper et al., 2005a) . A government survey program in the 1990s Stea and Pullan, 2001) showed, using seismic-reflection techniques, that the Chaswood Formation was much more widespread beneath the till cover than previously thought, and that the purest kaolin was present in light-gray mudstones. reported preliminary beneficiation trials that showed that brightness and whiteness values of Chaswood Formation kaolin met the requirements for standard paper filler kaolin products.
This government survey led to private sector exploration programs in the late 1990s, principally by Kaoclay Inc. Kaoclay drilled more than 280 boreholes and collected more than 80 line-km of high-resolution seismic-reflection profiles to assess the Lower Cretaceous basins in Nova Scotia (Gillis, 1997 (Gillis, , 1998 . In particular, they carried out a detailed seismic and borehole survey in the Elmsvale basin, near the village of Middle Musquodoboit, in central Nova Scotia (Fig. 2) .
In this study, we develop a genetic model to account for the distribution of light-gray kaolinitic mudstones in the Chaswood Formation of Atlantic Canada, based on our new observation that diagenetic kaolinite is related to unconformities within the Chaswood Formation. We have used the Kaoclay seismic-reflection profiles (Gillis, 1997 (Gillis, , 1998 to define the distribution and character of unconformities within the Chaswood Formation. Detailed mineralogical studies in one borehole, RR-97-23 (Fig. 3; PePiper et al., 2005a) , and observations of the distribution of Genetic Model and Exploration Guidelines for Kaolin in the Lower Cretaceous Fluvial Chaswood Formation • T. HUNDERT ET AL 11 lithofacies in other boreholes, are then used to interpret the relationship between unconformities and the development of paleosols and early diagenetic kaolinite. Finally, we briefly explore other economic implications of this diagenetic environment. Our work extends the study of Stea and Pullan (2001) by demonstrating the importance of syn-sedimentary tectonism. We show where high-grade kaolin deposits are most likely to be found by integrating sedimentological observations in boreholes with seismic-reflection profiles, in order to arrive at a comprehensive genetic model for sedimentation and diagenesis in the Chaswood Formation.
Geological Setting and Previous Work
The Lower Cretaceous Chaswood Formation (Stea and Pullan, 2001 ) comprises terrestrial deposits, principally fluvial sandstone and conglomerate, overbank mudstone on which paleosols formed, and swamps that are now represented as dark gray or lignitic mudstone (Calder et al., 1998) . The Chaswood Formation is best preserved in a series of fault-bound basins in central Nova Scotia, with minor outliers in northern Nova Scotia and southern New Brunswick (Fig. 1) . The Chaswood Formation was deposited over a wide area (Stea and Pullan, 2001) , under conditions of active basin subsidence in a dextral strike-slip tectonic regime (Pe- Piper et al., 2005) , and its present distribution is the result of Oligocene tectonism and Neogene erosion (Grist and Zentilli, 2003; . Syn-sedimentary tectonism resulted in the widespread development of unconformities within the Chaswood Formation. In the Elmsvale basin (Fig. 2) , Stea and Pullan (2001) defined three informal members at a type section of boreholes near Chaswood, which can be further correlated to the Shubenacadie outlier 10 km to the northwest (Fig. 1) . Two ENE-trending fault zones, each with a basement high on its northwest side, bound the northwest margin of the Elmsvale basin: the Rutherford Road fault zone and the North Border fault, which marks the southern margin of the Wittenberg Mountain horst of lower Paleozoic Meguma . Kaolinite to illite ratio (logarithmic scale) in borehole RR-97-23 and its relationship to unconformities. Kaolinite and illite proportions were determined from uncorrected peak areas in X-ray diffraction of unoriented bulk samples of mudstone; see Pe-Piper et al. (2005a) for details. Packets I to IV represent acoustic stratigraphic units. L1-2, M1-3, U1-6 are lithostratigraphic units; see text for details. Group (Fig. 2) . The Sibley fault marks the northwestern margin of the horst on the northwest side of the Rutherford Road fault.
In the Chaswood Formation, seven major sediment types are distinguished (Fig. 3) : light-gray mudstone, medium-gray mudstone, dark-gray mudstone, lignite (and lignitic mudstone), paleosols consisting of mottled red mudstone, sandstones and siltstones with a range of grain size, and muddy debris-flow deposits. Fining-upward sandstone to silty mudstone beds most commonly pass up into medium-gray mudstone. Many of the shallower sandstones are loosely consolidated and break down to sand when drilled. Mineralogical studies show that the dark-gray mudstone most closely represents clay mineral assemblages transported by rivers (which were modified in the paleosol and light-gray mudstone facies), with an increase in kaolinite relative to other clay minerals. In the sandstones, the development of kaolinite cement took place during early diagenesis (Pe-Piper et al., 2005a) .
Methods and Data
Seismic-reflection profiles of Stea and Pullan (2001) provide the basic stratigraphic framework for the Elmsvale basin. Seismic-reflection profiles shot by Kaoclay and made publicly available in their assessment reports (Gillis, 1997 (Gillis, , 1998 extend the seismic coverage across strike to the Sibley Road grid northwest of Middle Musquodoboit (Fig. 2) . The Kaoclay seismic profiles were shot using methods similar to those of Stea and Pullan (2001) , obtaining 12-fold commonmidpoint profiles with a Buffalo gun source and applying standard processing procedures, including trace editing, static corrections, bandpass filtering, gain scaling, velocity analysis, normal moveout corrections, and stacking of the corrected traces, as described by Pullan et al. (1997) .
Mean seismic velocities were further confirmed by dividing sediment thickness determined from boreholes by seismic travel time. Using the prominent basal unconformity on Carboniferous strata, mean velocity for overlying glacial till and Chaswood Formation was 900 ± 13 (1σ) m/s. Reflections at the base of the till, or delineating major sand bodies, could not be defined sufficiently precisely to estimate velocities for individual lithologies, although velocities in till tended to be rather higher (~1,100 m/s) than in the Chaswood Formation.
Most Kaoclay boreholes were drilled with either a diamond bit or a modified soil auger but some were drilled using a modified mud rotary water-well drill (Gillis, 1998) . Most boreholes were drilled within the detailed seismic grid near Sibley Road. The description of the paleosols is based on Retallack (1988) . X-ray diffraction studies of borehole RR-97-23 were carried out on bulk powdered mudstone samples and were quantified using raw peak areas of diagnostic diffractions (Pe-Piper et al., 2005a) , notably 7Å for kaolin minerals and 10Å for illite plus muscovite. Organic carbon was determined by combustion in a LECO apparatus.
Seismic Interpretation
Seismic Correlation
In this study, we recognise four acoustic stratigraphic units (packets), each separated by unconformities. Packets I and II correspond to unit 2a of Stea and Pullan (2001) , III to their unit 2b, and IV to their unit 2c in their type section at Chaswood. These acoustic packets are also correlated to reference borehole RR-97-23 in the Elmsvale basin (Pe-Piper et al., 2005a) . Stea and Pullan (2001) correlated the lower, middle, and upper members of the Chaswood Formation from the type section to this borehole, but their correlation is questionable. Therefore, a series of lithostratigraphic units have been defined that do not use their member designations. Units L1-2 correspond to the lower member in the correlation of Stea and Pullan (2001) , M1-3 to their middle member, and U1-6 to their upper member (Fig. 3; Pe-Piper et al., 2005a) . Acoustic packet I corresponds to lithostratigraphic units L1-2 and M1-3, with uniform sediment thickness across the basin, which were then folded into a syncline parallel to the monoclinal Rutherford Road fault zone (illustrated in Fig. 4 , 5 km along strike). Units U1-4 (packet II) unconformably onlap the succession from L1-M3, both on the south limb of the syncline and on the northern monoclinal limb along the Rutherford Road fault zone. An unconformity at the base of unit U5 (packet III) in RR-97-23 corresponds to a regional unconformity at the base of acoustic unit 2b of Stea and Pullan (2001) , and a second unconformity at the base of unit U6 (packet IV) corresponds to the base of their acoustic unit 2c.
In the Sibley Road area, marker reflections can be correlated directly from the Glenmore Road seismic line of Stea and Pullan (2001; Fig. 4 ) through a tie line (Fig. 5 ) onto the Sibley Road seismic line (Fig. 6) , and thence onto the rest of the seismic survey (Figs. 7, 8) . In general, packet I appears relatively transparent with somewhat discontinuous reflections, although in places the upper part of the packet shows more continuous and higher amplitude stratification (Fig. 6 ). In places, an internal unconformity is seen in packet I, locally erosional and locally with onlap ( Fig. 8) . Immediately south of the Rutherford Road fault zone, a seismic unit that wedges out southward is recognized at the top of packet I (Fig. 6 ).
Packet II is commonly erosional at its base, particularly in the north (Fig. 6) , and shows onlap to the south ( Fig. 6 ) and west ( Fig. 8) . It thickens eastward in Figure 5 , where it shows internal channel features not controlled by boreholes. In general, the unit has moderate amplitude, and continuous and locally irregular reflections. Packet II is absent across the basement high north of the Rutherford Road fault zone, where packet III rests unconformably on packet I.
Packets III and IV are less clearly resolved in the seismic profiles, being commonly eroded out at the base-Quaternary unconformity. One prominent unconformity occurs within the succession in the Sibley Road area (west end of 
Correlation of Lithology with Seismic Reflections
The relatively transparent character of packet I, with discontinuous reflections, corresponds principally to thick sandstone units in boreholes (e.g., borehole 7 in Fig. 9 ; borehole 18 in Fig. 10 ). Where the upper part of the packet shows higher amplitude and more continuous stratification, it corresponds to greater abundances of mudstone in cores (e.g., borehole 36 in Fig. 11 ). The moderate amplitude, and continuous and locally irregular reflections of packet II correspond principally to mudstones with some lignitic mudstones (e.g., borehole 6 in Fig. 9 ), although sandstone becomes more abundant in the southeast (borehole 19 in Fig.  10 ) and northwest (borehole 35 in Fig. 11 ). The sandstone beds may indicate channels a few meters deep that are not resolved by the seismic profiles. In packets III and IV, sediments are principally mudstone (e.g., borehole 37 in Fig.  11 ), although some sandstone is present (e.g., borehole 6 in Fig. 9 ; boreholes 19 and 24 in Fig. 10 ).
Relationship of Facies to Unconformities
Intraformational Unconformities in the Chaswood Formation
The seismic-reflection profiles show clearly that intraformational unconformities are widespread in the Chaswood Formation, and are characterized both by erosional truncations of strata and, more commonly, onlap. Error estimates on positioning of unconformities within boreholes from the seismic data are generally ±5 m. As illustrated in Figure 10 for the unconformity at the base of packet III (shown in seismic profile in Fig. 7 ), the precise position of an erosional unconformity can be inferred from irregular changes in thickness of the underlying stratigraphic unit, and commonly appears at the base of a sandstone unit several meters thick. This sandstone overlies an oxisol 1 to 4 m thick at the top of the underlying packet. Similar features at the unconformity at the base of packet II are shown in Figure 9 .
Not all unconformities are marked by deposition of sandstones. Over much of the Sibley Road area, the unconformity at the base of packet II is marked by the onlap of mudstone onto thick sandstone beds at the top of packet I (Figs. 10, 11) . Likewise, at the Shubenacadie outlier, this unconformity is marked by an abrupt change from thick, bedded sandstones to a dark mudstone succession including several lignite beds (Fig. 12) .
Unconformities and Abundance of Kaolinite in RR-97-23
In reference borehole RR-97-23, prominent unconformities are present at the base of lithostratigraphic unit U1 (corresponding to the base of packet II) and at the base of unit U6 (base of packet IV). In each case, the unconformity is marked by a sharp-based sandstone overlying an oxisol, as noted above.
In this study, we have examined the ratio of kaolinite minerals (with a 7Å peak in X-ray diffraction analysis) to minerals that yield a 10Å peak in X-ray diffraction analysis, which we term illite, and include illite sensu stricto, detrital muscovite, and hydromuscovite. This ratio is an indicator of diagenetic or pedogenic neoformation of kaolinite (Pe-Piper et al., 2005a) , and can be used as one method of identifying where highest-grade kaolin is likely to occur. In general, kaolin is most abundant in light-gray mudstones and some paleosols (Pe-Piper et al., 2005a) .
In RR-97-23, the highest kaolinite-to-illite ratio is found in units M2 and the lower part of U5 (Fig. 3) , 5 to 10 m below the unconformities at the base of packets II and IV, respectively. In the lower case, the high kaolinite-to-illite ratio occurs principally in medium-gray mudstones, which are directly overlain by a few meters of reddened mudstone, but also include some dark-gray mudstones with very high kaolinite-to-illite ratios. In the upper case, the high kaoliniteto-illite ratio is found in interbedded light-gray mudstone and light-gray mudstone with <30% red mottles (paleosol facies).
Relationship of Facies to Unconformities and Faults
Commonly, the several-meter-thick oxisol beneath the regional unconformities is underlain by medium-gray or light-gray mudstone. Examples include the medium-gray mudstone in M2, below the unconformity at the base of packet II in RR-97-23 (Fig. 3) and below packet II in borehole 6 (Fig. 9) . Thin developments of light-gray mudstone, a few meters thick, are found beneath the unconformity at the base of packet III in boreholes 74, 18, and 31 (Fig. 10) . However, thick developments of light-gray mudstone, more than 5 m thick, are found in successions with thick sandstones, such as packet I at Shubenacadie outlier (Fig. 12 ) and borehole 19 (Fig. 10) . In other cases, the unconformity and oxisol are underlain by weakly mottled light-gray mudstone (as in unit U5 in RR-97-23, Fig. 3 ). Similar weakly mottled mudstones are interbedded with some thick sandstone beds, such as in packet I in boreholes 1 (Fig.  10) and 35 (Fig. 11) .
Syn-sedimentary tectonism has influenced the distribution of sedimentary facies. Channelling sand-rich facies are developed in packet IV along the Rutherford Road fault (Figs. 3, 4) . Sands are particularly abundant from boreholes along the Rutherford Road fault zone, such as boreholes 7 (Figs. 6, 9 ) and 19 (Figs. 7, 10 ). Dark-gray to lignitic mudstones are most abundant in the Sibley Road area and are found in sediment wedges along fault zones (boreholes 6, 74, 1). Areas of progressive tilting of aggrading mudstones, such as in packet II in the Elmsvale basin (Figs. 3,  4) , display successive paleosol horizons with abundant pedogenic hematite and/or goethite.
Discussion
Style of Syn-Sedimentary Tectonism
The style of deformation that produced the intraformational unconformities can be interpreted from seismic-reflection profiles (Fig. 13) . Monoclinal folding and uplift took place along the Rutherford Road fault during Chaswood Formation deposition (Fig. 4) . To the north, tilting and uplift took place on the north side of the Rutherford Road fault (Fig. 7) . On the south side of the Rutherford Road fault, seismic-reflection profiles show sedimentary wedges that pinch out southwards over a distance of a few hundred meters (Fig. 6) . Without ground-truth boreholes, such wedges would probably be interpreted as coarse clastic wedges derived from a basin margin. However, boreholes through these wedges (e.g., borehole 6 in Fig. 9 ) show principally mudstone. They probably formed by local subsidence close to the fault zone creating accommodation in which overbank mud accumulated, followed by a later phase of local uplift along the fault zone.
The Rutherford Road fault shows rapid change in character from apparently contractional strain (folding and onlap) to apparently extensional strain (tilted seismic wedges; Fig. 13 ). Such rapid change in local character is typical of deformation under predominantly strike-slip conditions (Nilsen and Sylvester, 1999) . The E-W CobequidChedabucto fault was the master fault for Cretaceous strikeslip deformation in the region, but experienced a relatively small total slip of probably only a few kilometers (Pe- . It bounded a broad basin to the south that was continuous with the offshore Scotian basin. Deformation of the Chaswood Formation in the Elmsvale basin was probably the result of minor block rotation along secondary faults. The unconformity at the base of packet IV appears unaffected by deformation along the Rutherford Road fault, implying that during deposition of the Chaswood Formation, fault offsets resulted in the creation of no more than 100 to 200 m of accommodation (Fig. 13) .
18 Exploration and Mining Geology, Vol. 15, Nos. 1-2, pp. 9-26, 2006 Fig. 9. Selected boreholes from seismic line in Figure 6 . Borehole descriptions from Gillis (1998) , correlation from this study. Legend as in Figure 3 . 
Paleosols and the Weathering Environment in the Chaswood Formation Basin
Paleoclimatic reconstructions (e.g., Valdes et al., 1996; Hay et al., 1999) suggest that at the time of Chaswood Formation deposition, southeastern Canada was at a paleolatitude of 30º to 35ºN on the west side of a small Atlantic Ocean-a position comparable with northern Florida today, but in a more equable climatic regime, likely humid subtropical. Fossil wood shows slight seasonality in rainfall, but year-round warm temperatures (Falcon-Lang et al., 2003) . The overall clay mineral assemblage is consistent with such an environment, with the well-developed paleosols being oxisols (presently subtropical) and ultisols (presently characteristic of 30º to 35ºN in the southeastern USA). Lateritic soils with gibbsite, produced by extreme tropical leaching, are absent. Kaolinite is the main neoformed clay (Fig. 1) . Borehole descriptions from ; correlation from this study. Legend as in Figure 3 . -26, 2006 mineral in the Chaswood Formation. Pe- Piper et al. (2005a) have documented that oxisols in the Chaswood Formation have variable enrichment of the B horizon in hematite and kaolinite. In the ultisols, vermiculite and goethite are present in the B horizon. Poorly drained alluvial and swamp soils preserved large amounts of organic matter and contain early diagenetic pyrite and siderite.
A Genetic Model for the Formation of Kaolin Deposits in the Chaswood Formation
The Chaswood Formation occupies a position at the inner edge of the Mesozoic-Tertiary "Coastal Plain" sediment wedge, similar to that of the commercially important kaolin of Georgia (Dombrowski, 1993) , although the Georgia kaolins differ in age (Late Cretaceous, Paleogene) and depositional environment of the host sediment (estuarine and deltaic). Hurst and Pickering (1989) demonstrated that, in Georgia, commercial kaolins are restricted to the recharge area of the regional coastal plain aquifer immediately southeast of the pinchout of Mesozoic-Cenozoic wedge against Appalachian basement. Diagenesis of kaolinite in Georgia took place under weakly oxidizing conditions at marine lowstands during bacterially mediated oxidation of organic matter (Chapelle and Lovley, 1990) , resulting in early precipitation of pyrite that in places was destroyed by oxic weathering (Hurst and Pickering, 1997) .
The general depositional environment of the Chaswood Formation is fluvial (Stea and Pullan, 2001) , with trunk rivers depositing braided deposits on valley floors kilometers wide (Gobeil, 2002) . Tributary rivers deposited channel sands over a valley width of 100 to 200 m (Douglas, 2002) , with individual channels tens of meters wide (Fig. 5) . Synsedimentary faults such as the Rutherford Road fault appear to have influenced the position of river channels (Douglas, 2002) . The changes in sediment type at unconformities described above are most consistent with tectonic uplift and subsidence that changed local river patterns and, hence, depositional environments. The deltaic shoreline lay some 100 km to the south (Wade and MacLean, 1990) , and the braided character of trunk rivers suggests a gradient of at least 0.5 m/km. Deposition, therefore, occurred at more than 50 m above sea level.
The intraformational unconformities of the Chaswood Formation were thus well above sea level, in a humid subtropical environment. Here, they would have been important ground water recharge zones, particularly where interbedded sands were present. We thus infer a process similar to that in Georgia (Hurst and Pickering, 1997) for diagenetic whitening (oxidation of fine-grained dispersed organic matter) that forms the light-gray mudstone of the Chaswood Formation. The increase in kaolinite to illite ratio below the water table in ground water recharge zones indicates neoformation of kaolinite. This was synchronous with paleosol development under oxic conditions above the water table, resulting in the characteristic succession developed beneath unconformities described above. This process was most effective where sands were most widespread and directly underlaid unconformities, such as at Shubenacadie; kaolinite (as booklets or vermicules) is a common early diagenetic cementing mineral in the sandstones (Pe-Piper et al., 2005a) . Kaolinite is widely recognized as an early diagenetic mineral in sandstones formed by percolation of meteoric water (e.g., Glasman, 1992; Rossi et al., 2002) . The kaolinite in the Chaswood Formation mudstones is disordered (Pe-Piper et al., 2005a) , compared with the well-crystallized kaolinites of Georgia (Hurst and Pickering, 1997) .
The diagenetic whitening of the Chaswood Formation mudstones was less effective than in the Georgia kaolins, in part because of the diversity of original mudstones. Some of the darker-gray mudstones with high kaolinite-to-illite ratio may have had sufficiently high initial contents of organic carbon so that much remained even after diagenesis. The distribution of poorly drained swamps in which dark-gray to lignitic mudstones accumulated was probably influenced by syn-sedimentary tectonics (Fig. 14) , with the dark mudstones most abundant in the Sibley Road area in sediment wedges along fault zones (boreholes 6, 74, and 1). Areas of progressive tilting of aggrading mudstones, such as in packet II in the Elmsvale basin (Figs. 3, 4) , tended to develop successive paleosol horizons with abundant pedogenic hematite and/or goethite. These iron minerals were not destroyed by the early diagenesis that resulted in a high kaolinite-to-illite ratio (e.g., in unit U5 of RR-97-23, Fig. 3 ).
Exploration Guidelines for Kaolinite in the Chaswood Formation
The genetic model discussed above provides an explanation for why exploration to date in the Chaswood Formation has been less successful than in the coastal plain sediments of Georgia. Intraformational unconformities in Georgia resulted from sea-level fall and river valley incision. The effects of ground water recharge in the Chaswood Formation are influenced more by syn-sedimentary tectonics, which has the negative effect of creating aggrading paleosol successions, rich in iron minerals, in some well-drained aggrading sediment sequences. The phenomena that influenced the distribution of kaolin in the Chaswood Formation are applicable to other coastal plain settings where reactivation of old rift structures produced syn-sedimentary tectonism, such as parts of the US Atlantic coastal plain (Prowell, 1988) .
The genetic model also provides some guidelines as to how seismic-reflection profiles might be used to advance exploration for light-gray mudstones that contain the highestgrade kaolin deposits. Seismic-reflection profiles allow the recognition of regional unconformities at which persistent influx of meteoric water took place. This led to neoformation and whitening of kaolinite, which was most pronounced a short distance below the unconformity. Based on evidence from borehole RR-97-23, the highest kaolinite-to-illite ratio is found from 5 m to 15-25 m below unconformities. Sandstone beds within the mudstones increased overall permeability, resulting in the observation that the most abundant light-gray mudstones are interbedded with thick sandstones. In general, such thick sandstones have a rather transparent acoustic character in seismic-reflection profiles, as in Packet I over parts of the Sibley Road area. Some mudstones interbedded with sandstones, however, tend to have a high proportion of silt (principally quartz and detrital muscovite). The protolith most suitable for early diagenetic development of light-gray kaolin was overbank mud, neither so well drained that hematite-rich paleosols formed, nor so swampy as to include a high proportion of organic matter. The distribution of sandy channels, well-drained aggrading areas, and swamps were all likely controlled by synsedimentary tectonics, and are most abundant near fault zones. The margins of sandy facies, recognized in seismicreflection profiles from the lateral transition from transparent to stratified facies, at 5 to 25 m below regional unconformities, have the highest potential for high-grade kaolin, but only where the overbank muds were not particularly well drained, and therefore did not develop paleosol facies. This lack of well-drained paleosols with large amounts of hematite and goethite is most likely where the overbank mud was deposited close to the river belt, such as in settings 1 and 2 in Figure 14 . In this figure, setting 1, close to the river belt along fault B, is shown with an intraformational unconformity developed as a result of uplift of the block between faults A and B. Setting 2 is also poorly drained, being close to the river belt, but is actively sedimenting and will develop high-grade kaolin only if it is later uplifted as a result of changing syn-sedimentary tectonics, forming an intraformational unconformity on the block south of fault B. It is analogous to the setting of packet II at borehole 19 (Figs. 7, 10) .
Other Economic Consequences of the Diagenetic Environment
The intraformational unconformities and the flow of meteoric water have important consequences for other industrial minerals within the Chaswood Formation. Early diagenetic replacement of feldspar by kaolinite (Pe-Piper et al., 2005a) resulted in silica-rich sands, in contrast to the coeval sub-arkoses in correlative deltaic strata of the Scotian basin. Silica sand and gravel are extracted commercially in both Nova Scotia and New Brunswick from the Chaswood Formation (Dickie, 1986; Falcon-Lang et al., 2003) . Early diagenesis by meteoric water also altered unstable heavy minerals such as detrital ilmenite, which was altered to pseudorutile and rutile (Gray and Reid, 1975; . Ilmenite and its alteration products are the dominant heavy mineral in most sandstones, generally making up 75% to 95% of the heavy mineral fraction (Pe-Piper et al., 2005b) . This ilmenite has been reworked into local glacial tills and modern river sediments derived therefrom, and there has been commercial interest in placer Ti minerals in the Shubenacadie river (Fig. 1) .
Conclusions
The fluvial Chaswood Formation of Nova Scotia accumulated in a strike-slip tectonic regime. Differential subsidence and deformation across major fault zones resulted 24 Exploration and Mining Geology, Vol. 15, Nos. 1-2, pp. 9-26, 2006 in the localization of some channel sands and lignites and the development of intraformational unconformities. Ground water recharge at these unconformities led to diagenesis of sandstones and mudstones by meteoric water, with the development of diagenetic kaolinite being most pronounced from 5 to 25 m below unconformities. Exploration for kaolin should be focused beneath unconformities, at the margins of sandy river channel belts that can be recognized in highresolution seismic-reflection profiles. The phenomena that influenced the distribution of kaolin in the Chaswood Formation are rather different from those of the coastal plain of Georgia, USA, but are applicable to exploration for kaolin in other coastal plain settings with syn-sedimentary tectonism.
